Regeneration of $K^0_{S}$ mesons by Nazaruk, Valeriy
ar
X
iv
:1
70
5.
08
28
9v
1 
 [h
ep
-p
h]
  2
0 M
ay
 20
17
Regeneration of K0S mesons
V.I. Nazaruk
Institute for Nuclear Research of RAS, 60th October
Anniversary Prospect 7a, 117312 Moscow, Russia.*
Abstract
It is shown that in the previous calculations of K0
S
regeneration the noncoupled equa-
tions of motion have been considered instead of coupled one. We present the calculations
based on the exact solution of coupled equations of motion and perturbation theory. The
results differ radically from the previous ones.
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1 Introduction
The effect of kaon regeneration is known since the 1950s. The motive of our paper is as
follows. In the previous calculations [1-7] a system of non-coupled equations of motion has
been considered instead of the coupled ones (see below). This is a fundamental defect since it
leads to a qualitative disagreement in the results [8,9]. This means that regeneration has been
not described at all. The main goal of this paper is to study the connection between approaches
based on exact solution [8] and perturbation theory [9].
Let K0
L
fall onto the plate at t = 0. We use notations of Ref. [5]. Since
|K0
L
〉
= (|K0〉+ |K¯0〉)/√2, (1)
the evolution of K0
L
in the medium is described by the following equation:
|K ′
L
(t)〉 = ( |K0(t)〉+ |K¯0(t)〉)/√2 = [ |K0〉K0(t) + |K¯0〉 K¯0(t)]/√2. (2)
Here |K0〉 and |K¯0〉 are the states of K0 and K¯0, respectively; K0(t) and K¯0(t) are the
amplitudes of states (spatial wave functions) of K0 and K¯0, respectively. K0(t) and K¯0(t) are
calculated in K0, K¯0 representation.
With these K0(t) and K¯0(t) we revert to K0
L
, K0
S
representation:
|K ′L(t)〉 =
1√
2
[( |KL〉+ |KS〉)K0(t))/
√
2 + ( |KL〉 − |KS〉)K¯0(t))/
√
2] =
KL(t) |KL〉+ KS(t) |KS〉 , (3)
where
KL(t) =
1
2
[K0(t) + K¯0(t)],
KS(t) =
1
2
[K0(t)− K¯0(t)]. (4)
|KS(t) |2 is the probability of finding K0S.
Let us calculate K0(t) and K¯0(t). The coupled equations for zero momentum K0 and K¯0
in the medium are the following:
(i∂t −M)K0 = ǫK¯0,
(i∂t − (M + V ))K¯0 = ǫK0, (5)
where
M = mK0 + UK0 − iΓdK0/2,
V = (mK¯0 −mK0) + (UK¯0 − UK0)− (iΓdK¯0/2− iΓdK0/2). (6)
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Here ǫ = (mL −mS)/2 = ∆m/2 is a small parameter, UK0 and UK¯0 are the potentials of K0
and K¯0, Γd
K0
and Γd
K¯0
are the decay widths of K0 and K¯0, respectively.
Equations (5) follow uniquely from the unperturbed and interaction Hamiltonians:
H0 = −∇2/2m+ UK0,
HI = HK0K¯0 +HW + V,
HK0K¯0 =
∫
d3x(ǫΨ¯K¯0(x)ΨK0(x) +H.c.). (7)
Here HK0K¯0 and HW are the Hamiltonians of the K
0K¯0 conversion and decay of the K-mesons,
respectively; Ψ¯K¯0 and ΨK0 are the fields of K¯
0 and K0, respectively.
Equations (5) are coupled ones due to off-diagonal mass ǫ. In the previous old calculations
[2] the starting equations are (see Eqs. (3) from [2]):
(∂x − ink)K0 = 0,
(∂x − in′k)K¯0 = 0, (8)
where n and n′ are the indexes of refraction for K0 and K¯0, respectively. In notations of Ref.
[2] K0 = α and K¯0 = α′, K0
S
= α1 and K
0
L
= α2. In above-given Eq. (8) we substitute
K0 = (α1+ iα2)/
√
2, K¯0 = (α1 − iα2)/
√
2 and include the effect of the weak interactions as in
[2]. We obtain Eq. (5) and result (6) from Ref. [2].
So the starting equations (3) in [2] are noncoupled. There is no off-diagonal mass ǫ =
(mL − mS)/2. This is a fundamental defect. The noncoupled equations exist only for the
stationary states and don’t exist for K0 and K¯0. For nn¯ transitions in the medium [10-15] the
coupled equations are solved as well as for any ab-oscillations.
The value of |KS(t) |2 is of particular interest. We find K0(t) and K¯0(t) and exact expression
for |KS(t) |2 [8]. Our main concern here is comparison with calculation based on perturbation
theory. For this purpose we consider the particular case of exact solution. We put Γd
K0
= Γd
K¯0
=
Γd, mK0 = mK¯0 = m (m is the mass of K
0) and denote:
∆Γ = Γa
K¯0
− Γa
K0
, (9)
where Γa
K0
and Γa
K¯0
are the widths of absorption (not decay) of K0 and K¯0, respectively.
If ∆Γt≫ 1, the exact expression for |KS(t) |2 [8] has the form
|KS(t) |2≈ 1
4
e−Γ(KL→KS)te−(Γ
a
K0
+Γd)t,
Γ(KL → KS) = ǫ
2
| V |2∆Γ, (10)
where Γ(KL → KS) is the width of K0LK0S transition. It is significant that ReV 6= 0 in contrast
to [8].
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The calculation presented above is cumbersome and formal. The verification is needed. In
[9] the approach based on perturbation theory has been proposed. The regeneration followed
by decay K0
L
→ K0
S
→ ππ is considered. From (5) the process amplitude M(K0
L
→ K0
S
→ ππ)
is found to be
M(K0L → K0S → ππ) =
ǫ
V
Md(K
0
S → ππ). (11)
Here Md(K
0
S
→ ππ) is the in-medium amplitude of the decay K0
S
→ ππ. The corresponding
process width is
Γ(K0L → K0S → ππ) =
ǫ2
| V |2Γd(K
0
S → ππ), (12)
where Γd(K
0
S
→ ππ) is the width of decay K0
S
→ ππ.
Consider now the connection between the models based on diagram technique and exact
solution. To do this we write (12) in the form
Γ(K0
L
→ K0
S
→ ππ) = ǫ
2
| V |2Γd(K
0
S
→ ππ)∆Γ
∆Γ
= Γ(KL → KS)W, (13)
W =
Γd(K
0
S
→ ππ)
∆Γ
, (14)
where W is the probability of the K0
S
decay on the channel K0
S
→ ππ. The physical sense
of (13) is obvious: the multistep process K0
L
→ K0
S
→ ππ involves the subprocess of KLKS
transition (regeneration). Equation (13) is verification of the approaches given above.
Finally, both of calculations give the same result for the case ∆Γt≫ 1. The result obtained
by means of exact solution should be studied first since it is valid for any value of ∆Γt. We
will continue our consideration in the following paper.
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